Method of Forming Shallow Trench Isolation Using Deep Trench Isolation 



TECHNICAL FIELD 

[0001] The present invention relates generally to semiconductor devices, and more 
particularly to a method of forming shallow trench isolation (STI) in semiconductor devices. 

BACKGROUND 

[0002] Semiconductor devices are used in a variety of electronic applications, such as 
personal computers and cellular phones, for example. One such semiconductor product widely 
used in electronic systems for storing data is a semiconductor memory device, and one common 
type of semiconductor memory device is a dynamic random access memory (DRAM). DRAM is 
volatile memory because it loses charge or "data" in the absence of electrical power, 

[0003] Another type of semiconductor memory device is a read-only memory (ROM), 
which is non- volatile because it retains a charge or "data" in the absence of electrical power. 
ROM typically has a similar structure to a DRAM but has no storage capacitor and does not need 
to be refreshed continuously, as in a DRAM. Common applications for ROM are very broad for 
its smallest cell size and no extra process cost. However, ROM is one-time programmable (set 
during processing steps), and does not offer re-programmability. End-users see a ROM device as 
read-only memory. 

[0004] A more recent development in ROM is a flash memory device. The term "flash" is 
derived from the "lightning strike" for fast erase or high voltage that may be used to in-system 
bulk erase the entire chip or a sector. Flash memories are used often in System-on-Chip (SoC) 
such as cellular phones and security cards for example, and in mass-storage applications such as 
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in digital cameras and MP3, for example. Flash memories offer the compromise of in-system re- 
programmability and somewhat higher process cost or larger cell size, compared to traditional 
ROM. 

[0005] A semiconductor memory device typically includes millions or billions of individual 
memory cells, with each cell storing one bit of data. A memory cell may include an access field 
effect transistor (FET), often called 2T cell, or use memory cell's own transistor, often called IT 
cell, which is used to control the transfer of data charges to and from the storage floating gate 
(FG) during reading and writing operations. Memory devices are typically arranged in an array 
of memory cells. The storing and accessing of information into and from memory cells is 
achieved by selecting and applying voltages to the access FET or directly to the memory cell 
using selected wordlines and bitlines. Typical flash memories operate with relatively high 
voltages, e.g. greater than 10 V. 

[0006] In fabricating semiconductor devices such as SoC, shallow trench isolation (STI) is a 
technique used to provide electrical isolation between various devices such as logic devices, 
mixed-signal, analog, as well as adjacent cells in a memory array configuration. In some 
semiconductor device such as in SoC designs, it is more advantageous to integrate a dual- 
isolation scheme since some devices need more electrical isolation from adjacent devices than 
others. When the memory cells comprise high voltage devices such as flash memory cells, for 
example, the high voltage devices as well as flash memories require deeper isolation regions 
within the substrate in order to electrically isolate them from adjacent devices, compared to logic 
devices that require STI for their low voltage operation. It is more difficult to pattern deep 
isolation regions for higher aspect ratio features (trench depth over its width); therefore it is not 
feasible to use deep trenches to isolate all active areas of a semiconductor device. Thus, some 
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semiconductor device designs such as flash memories, for example, are required to utiUze both 
deep and shallow isolation regions. 

[0007] Figure 1 illustrates a prior art semiconductor device 100 having deep trenches 
1 16/11 8/1 24 for isolation proximate high voltage active areas 108 and shallow trenches 124 for 
isolation proximate logic (e.g., lower voltage) active areas 112. The semiconductor device 100 
shown includes a workpiece 102 having a first region 107 comprising first active areas 108 and a 
second region 110 having second active areas 112. The first active areas 108 may comprise high 
voltage transistors or flash memory cells, for example, and thus they require deeper isolation 
structures 1 16/1 18/124 than second active areas 112 which may comprise low voltage devices, 
for example. The high voltage transistors in the first active areas 108 may require a voltage of 
10 to 20 volts or even higher, whereas the low voltage devices in the second active areas 112 
may require a voltage of 1 to 2 volts, for example. Thus, such a semiconductor device 100 
would require shallow trench isolation 124 between adjacent first active areas 108 and/or second 
active areas 1 12, as shown. The high voltage first active areas 108 would also require deep 
trenches 1 16/1 18/124 to prevent electrically affecting the adjacent second active areas 1 12 and 
adjacent first active areas 108, if applicable. 

[0008] Figure 2 shows a first active area 108 comprising a high voltage component having a 
control gate CG and a floating gate FG. A flash memory device may have a structure shown in 
first active area 108, for example. The floating gate FG is separated fi-om the substrate 102 or 
workpiece by a first insulating layer 126. A second insulating layer 128 is disposed between the 
floating gate FG and the control gate CG. In operation, the control gate CG, source S and drain 
D are exposed to a high voltage potential in order to charge and discharge the floating gate FG. 
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SUMMARY OF THE INVENTION 

[0009] Preferred embodiments of the present invention provide technical advantages by 
providing a method of forming isolation regions in high voltage active areas and structure for 
same, as well as forming narrow active areas without an expensive mask scheme or complicated 
lithographic processes, wherein the shallow isolation regions in a top portion of the deep 
trenches are self-aligned with the deep trenches. 

[0010] In accordance with a preferred embodiment of the present invention, a method of 
forming isolating regions of a semiconductor device includes providing a workpiece, the 
workpiece having at least one first region and at least one second region, the at least one first 
region comprising at least one first active area, and the second region comprising areas for at 
least one second active area. The first region is patterned with at least one first trench, the first 
trench having sidewalls, a bottom, and a first depth within the workpiece. A first insulating layer 
is formed over the at least one first trench sidewalls and bottom, and a semiconductive material 
is deposited or grown in the at least one first trench over the first insulating layer, wherein the 
semiconductive material is recessed beneath the workpiece top surface. The second region is 
patterned with at least one second trench, the second trench having a second depth within the 
workpiece, wherein the second depth is less than the first depth. An insulating material is 
deposited in the at least one second trench and in the semiconductive material recess of the at 
least one first trench. At least one second active area is then formed in the second region. 

[0011] In accordance with another preferred embodiment of the present invention, a method 
of forming isolating regions of a semiconductor device includes providing a workpiece, the 
workpiece having at least one first region and at least one second region, the at least one first 
region comprising at least one high voltage active area, the second region comprising areas for at 
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least one low voltage active area. The first region is patterned with at least one deep trench, the 
deep trench having sidewalls, a bottom, and a first depth within the workpiece, and a first 
insulating layer is formed over the at least one deep trench sidewalls and bottom. A 
semiconductive material is formed in the at least one deep trench over the first insulating layer, 
wherein the semiconductive material is recessed beneath the workpiece top surface. The at least 
one first region is masked, and the at least one second region is patterned with at least one 
shallow trench, the shallow trench having a second depth within the workpiece, wherein the 
second depth is less than the first depth. The mask is removed fi-om over the at least one first 
region, an insulating material is deposited in the at least one shallow trench and in the 
semiconductive material recess of the at least one deep trench, and at least one low voltage active 
region is formed in the second region. 

[0012] In accordance with yet another preferred embodiment of the present invention, a 
semiconductor device includes a workpiece, the workpiece having at least one first region 
including at least one high voltage active area and at least one second region including at least 
one low voltage active area. At least one deep trench is disposed within the at least one first 
region proximate a high voltage active area, the deep trench having sidewalls and a bottom. The 
deep trench includes a first insulating layer disposed over the sidewalls and bottom and a 
semiconductive material disposed over the first insulating layer. The semiconductive material is 
recessed beneath the workpiece top surface and a shallow isolation region is disposed within the 
semiconductive material recess at the same time the shallow isolation region is formed in the 
second region. At least one shallow isolation region is disposed within the at least one second 
region of the workpiece proximate a low voltage active area. 
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[0013] Advantages of preferred embodiments of the present invention include providing a 
method of self-aligning shallow isolation regions of deep isolation trenches so that the shallow 
isolation region over the deep trenches does not require patterning using lithography. The fill 
material of the deep trench is recessed below a top surface of the workpiece, and the recess is 
filled with insulating material to form a shallow isolation region over a deep isolation trench. 
Embodiments of the invention eliminate challenges that arise when attempting to overlay deep 
trenches with shallow trench isolation. Another advantage of embodiments of the present 
invention is providing a method of forming narrow and long active regions, particularly in the 
memory portion such as Flash, ROM or DRAM for scaling, without patterning to avoid resist 
profile constraints such as resist shorting, breaking, or fall-down. 

[0014] The foregoing has outlined rather broadly the features and technical advantages of 
embodiments of the present invention in order that the detailed description of the invention that 
follows may be better understood. Additional features and advantages of embodiments of the 
invention will be described hereinafter, which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the conception and specific embodiments 
disclosed may be readily utilized as a basis for modifying or designing other structures or 
processes for carrying out the same purposes of the present invention. It should also be realized 
by those skilled in the art that such equivalent constructions do not depart from the spirit and 
scope of the invention as set forth in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] For a more complete understanding of the present invention, and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

[0016] Figure 1 shows a cross-sectional view of a prior art semiconductor device with both 
deep isolation structures and shallow isolation structures between active areas; 

[0017] Figure 2 is a cross-sectional view of a flash memory cell which requires a relatively 
high voltage; 

[0018] Figures 3 through 5 show cross-sectional views of a less-preferred method of 
forming isolation structures in a semiconductor device, wherein shallow trench isolation regions 
are aligned using lithography to underlying deep trenches; 

[0019] Figures 6 through 9 illustrate cross-sectional views of a semiconductor device at 
various stages of manufacturing, wherein shallow trench isolation regions are automatically 
aligned with underlying deep trenches in accordance with a preferred embodiment of the present 
invention; and 

[0020] Figures 10 through 14 illustrate cross-sectional views of a semiconductor device at 
various stages of manufacturing in accordance with another preferred embodiment of the present 
invention. 

[0021] Corresponding numerals and symbols in the different figures generally refer to 
corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the 
relevant aspects of the preferred embodiments and are not necessarily drawn to scale. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0022] The making and using of the presently preferred embodiments are discussed in detail 
below. It should be appreciated, however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of specific contexts. The specific 
embodiments discussed are merely illustrative of specific ways to make and use the invention, 
and do not limit the scope of the invention. 

[0023] The present invention will be described with respect to preferred embodiments in a 
specific context, namely a semiconductor flash memory device. The invention may also be 
applied, however, to other semiconductor memory device and other semiconductor device 
applications, for example. 

[0024] Figures 3 through 5 illustrate a potential, less-preferred method that could be used to 
form isolation regions in a semiconductor device 200 having regions of both high voltage 
components and low voltage components. Referring first to Figure 3, a substrate 202 or 
workpiece is provided, and first active areas 208 are formed within the substrate 202. The first 
active areas 208 may comprise high voltage components or transistors such as flash memory 
cells, as shown in Figure 2, for example. The substrate 202 is pattemed with a pattern 214 for at 
least one deep trench in the first region 207 of the substrate 202. The deep trenches 214 may 
comprise a depth of 2-3 |im or more, for example. The deep trenches 21 4 are formed proximate 
the first active areas 208 and areas where it is desired to isolate the first active areas 208 from 
other components such as 208 and 212 that have already been formed in the substrate 202, or 
alternatively, will later be formed. Next, an insulating layer 216 may be deposited over the 
pattemed deep trenches 214, and a semiconductive material 218 may be deposited over the 
insulating layer 216 to fill the deep trenches 214. 
2003 P 51686 US -8- 



[0025] A photoresist 232 is deposited over the surface of the substrate 202, as shown in 
Figure 4. The photoresist 232 is patterned with a pattern 230 for shallow trench isolation in both 
the first region 207 and the second region 210. The pattern 230 of the photoresist 232 is then 
transferred to the substrate 202 using lithography. For example, the photoresist 232 may be used 
as a mask while the substrate 202 is directly etched in both the first region 207 and the second 
region 210 of the semiconductor device 200. Alternatively the photoresist 232 could be used as 
a mask while another hard mask, such as a oxide layer (not shown), is etched in both the first 
region 207 and the second region 210 of the semiconductor device 200, and the hard mask is 
used as a mask while the substrate 202 is etched in both the first region 207 and the second 
region 210 of the semiconductor device 200. 

[0026] The semiconducti ve material 2 1 8 and insulating layer 2 1 6 of the deep trenches 2 1 4 
are removed in the region of the shallow trench isolation pattern 230 in the first region 207. The 
shallow trench isolation pattern 230 is wider than the deep trench pattem 214. For example, an 
overlay t of about 50 nm or less may exist on both sides of each deep trench pattem 214. 

[0027] The photoresist is removed, and an insulating material such as an oxide is deposited 
over the semiconductor device 200 to fill the shallow trench isolation pattem 230 and form 
shallow trench isolation regions 224, as shown in Figure 5. The height hj of the shallow trench 
isolation regions 224 and the second region 210 of the semiconductor device is equal to the 
height h2 of the shallow trench isolation regions 224 in the first region 207 of the semiconductor 
device because the shallow trench isolation regions 224 are patterned simultaneously for the first 
and second regions 207/210 of the semiconductor device. The second active areas 212 of the 
semiconductor device may then be formed within the top surface of substrate 202, as shown. 
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[0028] The method described of forming isolation regions for semiconductor device 200 is 
problematic because of the small overiay t that exists in the shallow trench isolation pattern 230, 
which can cause alignment problems. The overiay t is very small and makes it quite difficult to 
align the shallow trench isolation pattern 230 with the underiying deep trench 234. Another 
problem is forming narrow and long active regions as required in memory portions of the chip 
for scaling. Therefore, what is needed in the art is a method and structure for forming deep and 
shallow isolation structures in semiconductor devices having no alignment problems between the 
shallow trench isolation and underiying deep trenches, and no lithographic constraints to form 
narrow and long active regions. 

[0029] Preferred embodiments of the present invention provide a method of forming 
isolation regions in semiconductor devices having high voltage components and low voltage 
components wherein there is no alignment problem between the shallow trench isolation and 
deep trenches, and no lithographic constraints for forming narrow and long active regions in 
areas having high voltage components. 

[0030] Figures 6 through 9 show cross-sectional views of a semiconductor device 300 at 
various stages of fabrication in accordance with a preferred embodiment of the present invention. 
Referring first to Figure 6, a workpiece 302 is provided. The workpiece 302 may include a 
semiconductor substrate comprising silicon or other semiconductor materials covered by an 
insulating layer, for example. The workpiece 302 may also include other active components or 
circuits formed in the front end of line (FEOL), not shown. The workpiece 302 may comprise 
silicon oxide over single-crystal silicon, for example. The workpiece 302 may include other 
conductive layers or other semiconductor elements, e.g. transistors, diodes, etc. Compound 
semiconductors, GaAs, InP, Si/Ge, or SiC, as examples, may be used in place of silicon. 
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[0031] The workpiece 302 preferably comprises at least one first region 307 and at least one 
second region 310. The at least one first region 307 is a region of the workpiece 302 in which 
first active areas 308, which may comprise high voltage devices such as flash memory cells, for 
example, will be formed. The second region 310 of the workpiece 302 comprises a region where 
second active areas 312 comprising low voltage devices, e.g., access FET's and other devices 
requiring a voltage lower than the high voltage devices 308, will later be formed. 

[0032] First active areas 308 are formed within the workpiece 302. The first active areas 
308 may comprise high voltage devices or transistors such as the one shown in Figure 2. The 
first active areas 308 may alternatively comprise electrical devices that need increased isolation 
from other components, for example. Only two first active areas 308 are shown in Figure 6; 
however, there may be a plurality of first active areas 308 formed in the at least one first region 
307, not shown. 

[0033] Preferably, second active areas 3 12 are formed in the workpiece 302 after the 
formation of deep trenches and shallow trench isolation, as shown in Figure 9. However, 
altematively, second active areas 308 may be formed within the second region 3 10 of the 
workpiece 302 at this stage of manufacturing (not shown in Figure 6). 

[0034] The workpiece 302 is patterned with a deep trench pattem 3 14. The deep trench 
pattern 314 may extend into the top surface of the workpiece by a depth of 2-3 |iim or more, for 
example. Altematively, the deep trench pattem 314 may comprise other depths, such as 1 to 6 
|im, for example. 

[0035] An insulating layer 3 1 6 is formed over the patterned deep trenches 3 1 4. The 
insulating layer 316 may comprise a thin oxide or nitride layer comprising 50 to 200 Angstroms 
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of an oxide or silicon nitride, for example. In case the insulating layer 316 comprises a nitride 
layer, it may also further comprise a thin oxide layer formed over the thin nitride layer. The thin 
oxide layer may be formed by an oxidation step at a temperature of 900 to 1000 degrees C for 
approximately 10 to 30 seconds, for example. The fmal insulating layer 316 thickness is 
preferably approximately 10 nm, as an example. The insulating layer 316 electrically isolates the 
workpiece 302 from the semiconductive material 318 that will be deposited. 

[0036] A semiconductive material 3 1 8 is then deposited over the semiconductor device to 
fill the deep trenches 314. The semiconductive material 318 may also cover the top surface of 
the workpiece 302, not shown. The semiconductive material 318 preferably comprises a doped 
or undoped semiconductor material, such as doped polysilicon or undoped polysilicon, as 
examples. Alternatively, the semiconductive material 318 may comprise other semiconductive 
materials, for example. 

[0037] The semiconductive material 31 8 is then recessed below the top surface of the 
workpiece 302 by an amount R. The semiconductive material 318 may be recessed using a dry 
etch, for example, although other etch processes may alternatively be used to recess the 
semiconductive material 318. The recess R comprises a depth of approximately 300 nm, for 
example, although altematively, the recess R may range from 200 to 600 nm, as examples, 

[0038] A hard mask 320 is deposited over the top surface of the workpiece 302 and over the 
recessed semiconductive material 318 and exposed insulating layer 316, as shown in Figure 8, 
The hard mask 320 may comprise an insulator such as tetraethoxysilate (TEOS), as an example. 
The hard mask 320 may comprise a thickness of 1 00 nm, as an example. The hard mask 320 
may altematively comprise other oxides or nitrides, and may altematively comprise a thickness 
of 50 nm to 250 nm, as examples. 
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[0039] The hard mask 320 is patterned with the pattern 330 for shallow trench isolation 
regions in the second region 310. In accordance with preferred embodiments of the present 
invention, the first region 307 is preferably not patterned with the shallow trench isolation 
pattem 330. Rather, the recess R of the deep trench semiconductive material 318 below the top 
surface of the workpiece 302 provides an area for the formation of a shallow trench isolation 
region 324a that is self-aligned with the underlying deep trench material, to be described further 
herein. 

[0040] The hard mask 320 is used as a mask to pattem the underlying workpiece 302 in the 
second region 310 with the shallow trench isolation pattem 330, as shown in Figure 8. The 
shallow trenches 330 formed preferably have a height hi (or di in Figure 9) of approximately 300 
to 500 nm within the workpiece 302, for example. The shallow trenches 330 have a width Wi. 

[0041] After patterning the workpiece 302 with the shallow trench isolation pattem 330, a 
portion of the hard mask 320, e.g., 400 Angstroms, may remain over the workpiece 302. The 
remaining hard mask 320 is removed, using a wet etch or another etch process, as examples, as 
shown in Figure 9. An insulating material 324/324a is deposited over the top surface of the 
workpiece 302 to fill the shallow trench isolation pattem 330 in the second region 310, and to 
also fill the recess R above the semiconductive material 318 and insulating layer 316 in the first 
region 307. The insulating material 324/3 24a preferably comprises silicon dioxide and may 
comprise, for example, high density plasma (HDP) silicon dioxide, as examples. The insulating 
material 324/324a may alternatively comprise other insulators such as a nitride or other 
insulators, for example. The insulating material 324/324a forms shallow isolation trenches 324a 
in the first region 307 and shallow isolation trenches 324 in the second region 310. 
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[0042] In one embodiment, the width wi of the shallow isolation trenches 324 is greater than 
the width W2 of the deep trenches 334 and shallow isolation trenches 324a over the deep trenches 
334, as shown in Figure 9. Also, in one embodiment, the height hi of the shallow isolation 
trenches 324 is equal to the height h2 of the shallow isolation trench regions 324a disposed over 
the deep trenches 316 and 318. Alternatively, in other embodiments, the height hi of the shallow 
isolation trenches 324 maybe less than the height h2 of the shallow isolation trench regions 324a 
disposed over the deep trenches 316 and 318, or height hi of the shallow isolation trenches 324 
may be greater than the height h2 of the shallow isolation trench regions 324a disposed over the 
deep trenches 316 and 318, as examples. 

[0043] Further processing of the semiconductor device is continued. For example, second 
active areas 312 comprising low voltage devices, for example, may then be formed within the 
top surface of the workpiece 302 in the second region 310, as shown in Figure 9. 

[0044] Advantageously, in accordance with embodiments of the present invention, the 
shallow trench isolation 324a disposed over the deep trenches 334 in the first region 307 of the 
semiconductor device 308 are self-aligned with the underlying deep trenches 334. Thus, there is 
no need to pattem the first region 307 with the shallow trench isolation pattem 330, and 
alignment problems and concerns with underlying deep trenches 334 are eliminated. 

[0045] Figures 10 through 14 illustrate cross-sectional views of a semiconductor device 400 
in various stages of manufacturing in accordance with another embodiment of the present 
invention. Referring to Figure 10, a workpiece 402 is provided. The workpiece 402 preferably 
comprises a p-type non-epitaxial substrate, for example, although alternatively, the workpiece 
402 may comprise other semiconductive materials, as described with reference to the 
embodiment shown in Figures 6 through 9. 
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[0046] A pad oxide 404 is formed over the workpiece 402. The pad oxide 404 preferably 
comprises approximately 50 Angstroms of silicon dioxide, for example. A pad nitride 406 is 
deposited over the pad oxide 404. The pad nitride preferably comprises silicon nitride deposited 
in a thickness of approximately 1800 Angstroms, for example, although altematively, the pad 
nitride 406 may comprise other nitride materials and thickness. 

[0047] A hard mask (not shown) is deposited over the pad nitride 406. The hard mask may 
comprise boron silicate glass (BSG) deposited in a thickness of approximately 5,000 Angstroms, 
as an example. Altematively, the hard mask may comprise other materials and thicknesses. The 
hard mask is pattemed with a deep trench pattern 414. The deep trench pattem 414 may 
comprise deep trenches that will be formed between adjacent high voltage active areas 408, or 
between adjacent high voltage active areas 408 and low voltage active areas 412 (see Figure 14). 

[0048] The deep trench pattem 414 from the hard mask is transferred to the pad nitride 406, 
pad oxide 404, and workpiece 402, as shown in Figure 10. The etchant gases may be changed 
during the patterning process to pattem the various material layers 406, 404 and 402, for 
example. The hard mask is removed using a wet etch or other type of etch process. 

[0049] An insulating layer 416 is formed over the sidewalls and bottoms of the deep 
trenches 414 formed within the workpiece 402, pad oxide 404 and pad nitride 406. The 
insulating layer 416 preferably comprises an oxide or thin nitride layer comprising 
approximately 50 to 200 Angstroms of oxide or silicon nitride. Altematively, the thin nitride 
layer may comprise other nitrides formed over the deep trench 414 sidewalls and bottom surface, 
for example. In case the insulating layer 416 comprises a nitride layer, it may also comprise a 
thin oxide layer formed over the thin nitride layer. The thin oxide layer may be formed by an 
oxidation step at a temperature of 900 to 1000 degrees C for approximately 10 to 30 seconds, as 
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an example. The thickness of the final insulating layer 416 is preferably approximately 10 nm, 
as an example. 

[0050] A semiconductive material 418 is deposited over the semiconductor device 400. The 
semiconductive material 418 fills the deep trench pattern 414 over the insulating layer 416 and 
also covers the top surface of the pad nitride 406, not shown. The semiconductive material 418 
preferably comprises doped or undoped polysilicon, as an example. The semiconductive 
material 418 may altematively comprise other semiconductor materials, as an example. 

[0051] The semiconductive material 41 8 is removed from the top surface of the pad nitride 
406 and is recessed by an amount R beneath the top surface of the workpiece 402. The total 
depth of the recess below the top surface of the pad nitride 406 preferably comprises 
approximately 300 nm, for example. The semiconductive material 41 8 is preferably recessed 
using a dry etch, for example, although altematively, other etch processes may be used. 

[0052] After the deep trench pattern 414 has been formed and partially filled in the first 
region 407 of the semiconductor device 400, next, shallow trench isolation regions 430 are 
formed in the second region 412. First, a hard mask 420 is deposited over the pad nitride 406, 
recessed semiconductive material 418 and exposed portions of the insulating layer 416, as shown 
in Figure 1 1 . The hard mask 420 fills the recess in the deep trench over the semiconductive 
material 41 8, as shown. The hard mask preferably comprises TEOS deposited in a thickness of 
approximately 100 nm, as an example. Altematively, the hard mask 420 may comprise other 
insulating materials and thicknesses, for example. 

[0053] An anti-reflective coating (ARC) 421 is deposited over the hard mask 420. A 
photoresist 422 is deposited over the ARC 421. The ARC 421 may comprise deep ultra-violet 
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(DUV) 90 nm ARC, and the photoresist 422 may comprise 625 nm resist, as examples. 
Alternatively, other ARC materials and photoresist materials may be used. 

[0054] The photoresist 422 is patterned with the shallow trench isolation pattem 430. The 
ARC 421 and hard mask 420 are opened, or pattemed, with the shallow trench isolation pattem 
430 of the photoresist 422. Using the photoresist 422 as a mask, the pad nitride 406 and the pad 
oxide 404 are also pattemed with the shallow trench isolation pattem 430, as shown in Figure 1 1 . 

[0055] The photoresist 422 and ARC 421 are removed, as shown in Figure 12. The pattem 
430 for the shallow trench isolation of the hard mask 420 is transferred to the workpiece 402 
using a reactive ion etch (RIE), for example, although alternatively, other etch processes may be 
used to pattem the workpiece 402. 

[0056] The hard mask 420 is removed, as shown in Figure 13. The recess above the deep 
trench in the first region 407 is left exposed, along with the shallow trench isolation region 
pattem 430 and the second region 412 of the semiconductor device 400. The pad nitride 406 is 
pulled back: the top edge surfaces are angled slightly as shown, for example, by approximately 
100 to 200 Angstroms to obtain a better fill in the subsequent insulating layer deposition. 

[0057] A thin insulating layer 436 is formed over the bottom surface and sidewalls of the 

shallow trench isolation pattem 430, as shown in Figure 14. The thin insulating layer 436 

preferably comprises a thin layer of silicon dioxide, for example, formed in a thickness of about 

13 nm, and a thin nitride layer disposed over the thin silicon dioxide layer. The thin nitride layer 

preferably comprises 50 to 100 Angstroms of silicon nitride, for example. The thin insulating 

layer 436 is preferably also formed over the top surface of the semiconductive material 418 

within the deep trench 434, for example, as shown. The thin insulating layer 436 may also reside 

over the sidewalls of the deep trench over the insulating layer 416, not shown. 
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[0058] An insulating material 438 is deposited over the pad nitride 406 and exposed 
surfaces of the workpiece 402, pad oxide 404, insulating layer 416, and semiconductive material 
418. The insulating material 438 is then removed from the top surface of the pad nitride 406. 
The insulating material 438 preferably comprises silicon dioxide, and may comprise, for 
example, HDP silicon dioxide. Alternatively, the insulating material 438 may comprise other 
dielectric materials or insulators, for example. The excess insulating material 438 may be 
removed from the top surface of the pad nitride 406 using a chemical mechanical polish (CMP) 
process, for example. The pad nitride 406 and pad oxide 404 are also removed from above the 
top surface of the workpiece 402, leaving the structure 400 shown in Figure 14. 

[0059] Subsequent processing is then performed on the semiconductor device 400. For 
example, second active regions 412 comprising low voltage devices, for example, may be 
formed within the second region 410 of the semiconductor device 400, as shown. The height hi 
of the shallow trench isolation region 424 which comprises thin insulating layer 436 and 
insulating material 438 in the second region 410 preferably in one embodiment comprises a 
greater height than the height h2 of the shallow trench isolation 424 formed over the deep trench 
434 than the first region 407 of the semiconductor device 400. However, altematively, in other 
embodiments, the height hi may be equal to h2, and altematively, the height hi may be less than 
the height h2. 

[0060] Advantages of embodiments of the invention include providing a method of self- 
aligning shallow isolation regions of deep isolation trenches so that the shallow isolation region 
over the deep trenches does not require patterning using lithography. The fill material of the 
deep trench is recessed below a top surface of the workpiece, and the recess is filled with 
insulating material to form a shallow isolation region over a deep isolation trench. Embodiments 
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of the invention eliminate challenges that arise when attempting to overiay deep trenches with 
shallow trench isolation. Another advantage includes providing a method of forming narrow and 
long active regions, particularly in the memory portion such as Flash, ROM or DRAM for 
scaling, without patterning to avoid resist profile constraints such as resist shorting, breaking, or 
fall-down. 

[0061] Although embodiments of the present invention and their advantages have been 
described in detail, it should be understood that various changes, substitutions and alterations can 
be made herein without departing from the spirit and scope of the invention as defined by the 
appended claims. For example, it will be readily understood by those skilled in the art that many 
of the features, functions, processes, and materials described herein may be varied while 
remaining within the scope of the present invention. Moreover, the scope of the present 
application is not intended to be limited to the particular embodiments of the process, machine, 
manufacture, composition of matter, means, methods and steps described in the specification. 
As one of ordinary skill in the art will readily appreciate fi*om the disclosure of the present 
invention, processes, machines, manufacture, compositions of matter, means, methods, or steps, 
presently existing or later to be developed, that perform substantially the same function or 
achieve substantially the same result as the corresponding embodiments described herein may be 
utilized according to the present invention. Accordingly, the appended claims are intended to 
include within their scope such processes, machines, manufacture, compositions of matter, 
means, methods, or steps. 
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